Action of Arthrobacter ureafaciens sialidase on sialoglycolipid substrates. Mode of action and highly specific recognition of the oligosaccharide moiety of ganglioside GM1.
A new bacterial sialidase (N-acetylneuraminate glycohydrolase, EC 3.2.1.18) isolated from the culture filtrate of Arthrobacter ureafaciens was characterized in detail with respect to its action on sialoglycolipids. Strong electrolytes had a reversible inhibitory effect on the action of the enzyme on brain gangliosides in accordance with Debye-Hückel effect of ionic environment on ionic activity, and resulted in an acidic shift and a broadening of the pH optimum. Both ionic and non-ionic detergents markedly enhanced the enzymic activity on the gangliosides, and caused an acidic shift on the pH optimum of this enzyme. Sulfhydryl groups seemed to be involved in its active site. This enzyme had a highly specific action on sialidase-resistant ganglioside GM1, showing about 100-fold higher activity on GM1 than Clostridium perfringens sialidase, the only sialidase so far reported to cleave the lipid substrate in the presence of bile salts. In the absence of detergents, the activity of A. ureafaciens sialidase on GM1 was very low. Ganglioside GM1 in either the monomeric or micelar form was hydrolyzed to asialo-GM1 by A. ureafaciens sialidase most efficiently in the presence of sodium cholate of about three times the GM1 molar concentration. The presence of detergents increased both the Km and Vmax values for ganglioside GM1. The oligosaccharide prepared from GM1 by ozonolysis was cleaved well by this sialidase in the absence of detergents, and no detergent was found to affect the hydrolysis. The Km value for the sugar substrate was about two orders of magnitude greater than that for the corresponding lipid substrate. It is suggested that the hydrophobic ceramide moiety increases affinity of the lipid substrate to the enzyme, but inhibits hydrolysis of the substrate, possibly due to its hydrophobic interaction with hydrophobic portions of the enzyme molecule (resulting in lower Km and Vmax for lipid substrates). This inhibition may be released by detergent due to formation of mixed micelles of sialoglycolipid and detergent molecules. It is also indicated that recognition of the specific saccharide structure of GM1 by individual sialidases is essential for release of the resistant sialyl residue, and that A. ureafaciens sialidase seemed to have an isoenzymic or oligomeric structure.